An atypical isolate of Paracoccidioides brasiliensis (IFM54648), recovered from the sputum of a Brazilian man, was not detected in immunodiffusion tests for paracoccidioidomycosis and in species-specifi c PCR for the major antigen 43-kDa glycoprotein coding gene ( gp43 ). The mycological characteristics of the isolate were similar to those of a typical P. brasiliensis . A total of 8 genes were sequenced from IFM54648, and the sequences were compared between the new isolate and other reference isolates and database sequences. We analyzed fragments of the gene sequences that code for gp43 , the internal transcribed spacer regions of ribosomal RNA, the D1/D2 domains of the large subunit ribosomal RNA, glucan synthase, chitin synthase, glyoxalase I mRNA, 70-kDa heat-shock protein mRNA and urease. The gene sequences were 98.9-100% identical between IFM54648 and Pb01 (another atypical isolate). When compared to the other typical isolates, the identities were generally lower than 98%. A phylogenetic tree constructed using gp43 sequences showed that IFM54648 clustered with Pb01 at a considerable distance from other isolates. Therefore, this isolate is likely related to Pb01, which has recently been shown to be genetically distinct from other isolates of this species.
Introduction
Paracoccidioidomycosis is endemic in Latin American countries and the causative agent, Paracoccidioides brasiliensis , is a temperature-dependent, dimorphic fungus. At ambient temperature, it assumes a mycelial phase, while in host tissue or at temperatures above 35°C on certain culture media, it has a yeastlike form. The fungus has been associated with infections of the lung, lymph nodes, skin, mucosa, liver, spleen and various other organs of humans and dogs. It has a chronic adult form accompanied by granulomatous Downloaded from https://academic.oup.com/mmy/article-abstract/48/1/64/1249348 by guest on 24 April 2019 form) paracoccidioidomycosis. Through molecular analyses we accidently determined that it was an atypical form of P. Brasiliensis . Based on Carrero et al ., isolate IFM54648 might have a close phylogenetic relationship to isolate Pb01 [ 11 ] . Furthermore, Theodoro and colleagues [ 12 ] confi rmed that Pb01 does not belong to any of the groups previously described because of the high level of divergence compared to the three different genetic groups [ 8 -10 ] . These authors proposed that this isolate may be a new species of Paracoccidioides .
Although some gene sequences of IFM54648 are available in PubMed, there is no description of the isolate. The present study provides mycological and molecular characteristics of this atypical P. brasiliensis isolate.
Materials and methods

Background of the isolate IFM54648
P. brasiliensis isolate IFM54648 (LDR 2) was accidentally found to be an atypical isolate through species-specifi c PCR testing which indicated that it was negative for the major antigen 43-kDa glycoprotein coding gene ( gp43 ) [ 13 ] . In addition, IFM54648 yielded an atypical band pattern in loop-mediated isothermal amplifi cation (LAMP) for detection of gp43 [ 13 ] ( Fig. 1 ) and it showed lower identity of a partial sequence of gp43 to that of the species (S1, PS2, and PS3) described by .
IFM54648 was 99.1% similar to the partial sequence of gp43 and P. brasiliensis isolate Pb01 from the database of BROAD Institute ( http://www.broad.mit.edu/annotation/ genome/paracoccidioides_brasiliensis/MultiHome.html ).
Isolate IFM54648 was initially recovered from a 64-yearold Brazilian man with chronic multi-focal (adult form) paracoccidioidomycosis. Five sera samples collected from the patient over a period of 7 years did not react with an immunodiffusion test for paracoccidioidomycosis which used an antigen derived from the P. brasiliensis isolate B339 [ 14 ] . The diagnosis of paracoccidioidomycosis was based on cytological observation of the sputum, which revealed typical multiple-budding yeast cells and the isolation of P. brasiliensis from a mass in the patient's lower jaw. In addition, the patient had lived in Botucatu, São Paulo, Brazil, and now lives in Londrina, Parana, Brazil, which are endemic areas of paracoccidiodomycosis.
Mycological studies
Colonies were grown at 25°C for 2 months on Sabouraud dextrose agar (SDA) that contained 2% dextrose (Wako Pure Chemical Industries, Osaka, Japan), 1% neopeptone (BD, Becton Drive, Franklin Lakes, NJ, USA) and 1.5% agar (Bacto agar; BD), and on potato dextrose agar (PDA; BD). Morphologic features were microscopically examined on these media. Temperature-dependent dimorphism was observed when mycelia that had been cultured on PDA slants at 25°C for 4 weeks were inoculated onto brain heart infusion agar (BHIA) supplemented with 1% dextrose slants and cultured at 35°C for 1 week. Maximal cell growth was measured at 37, 38, 39 and 40°C. The yeast-form cells were maintained on BHIA slants by weekly subculture for up to 10 weeks.
Molecular studies
DNA was extracted from yeast-form cells cultured on BHIA at 35°C for 1 week by use of a commercial kit (DEXPAT ® , TaKaRa, Otsu, Japan). The partial sequences of gp43 was amplifi ed [ 15 ] , as were the internal transcribed spacer regions ( ITS ), the D1/D2 domains of large subunit ribosomal RNA ( D1/D2 ) [ 16 ] , glucan synthase ( FKS ) [ 4 ] , chitin synthase ( CHS2 ) [ 6, 10 ] , glyoxalase I mRNA ( glyoxalase ; referred from AY252117), 70-kDa heat-shock protein mRNA ( HSP70 ; referred from AF386787), and a partial urease gene sequence ( URE ) [ 17 ] . The PCR primers and conditions used are shown in ( Table 1 ) , which amplifi ed the fragment from nucleotide 629 to 1217 (GenBank sequence accession number U26160), successfully amplifi ed a DNA fragment from IFM54648. The PCR products were visualized by electrophoresis purifi ed by use of a purifi cation kit (QIAquick ® , Qiagen, Hilden, Germany), and labelled with BigDye ® Terminator Ver. 1.1 (Applied Biosystems, Foster City, CA, USA). The by-fragments were sequenced by use of an ABI PRISM ® 3100 sequencer (Applied Biosystems) and were aligned using GENETYX-MAC genetic information processing software (Software Development Co., Tokyo, Japan).
The gene sequences from IFM54648 were compared to the whole genome sequences of isolates Pb01, Pb03 and Pb18 at the genome project of the BROAD Institute ( http:// www.broad.mit.edu/annotation/genome/paracoccidioides_ brasiliensis/MultiHome.html ). Thirty-two clinical isolates and two P. brasiliensis isolates from armadillos ( Dasypus novemsinctus ) stored at Medical Mycology Research Center, Chiba University, Japan were used as references. In addition, phylogenetic species based on the reference isolates were estimated based on the gp43 sequences through the BALAST search ( http:// blast.ncbi.nlm.nih.gov/Blast.cgi , ID: E7GFFX01016 and EPSB307R01R) using distance trees drown by neighbour joining method ( Table 2 ) .
To determine the phylogenetic status of IFM54648, a tree of gp43 sequences was constructed by aligning sequences from 34 reference isolates and isolate Pb01 from the website (BROAD Institute Pb01 supercontig 15 from 823856 to 824439) with CLUSTALX (Version 2.0.8) [ 18 ] . Phylogenetic analyses were performed with PAUP v4.0b10 [ 19 ] using a heuristic search for maximum parsimony. Bootstrap values were calculated based on over 1,000 replicates to assess branch topology. A phylogenetic tree was selected from 1,000 unrooted trees and was drawn using the Tree View PPC program (Roderic D. M. Page, Glasgow, Scotland, UK, 1998; http://taxonomy.zoology.gla.ac.uk/rod/treeview. html ). Bootstrap values greater than 50% were indicated. In addition, phylogenetic analyses on the other seven genes and a combination of eight genes were performed using sequences from 34 reference isolates (data not shown).
To determine the phylogenetic diversity of gp43 , a nucleotide-nucleotide BLAST search was performed using registered sequences. The sequences AB047690 from isolate IFM41620 (ID: E7GFFX01016) and AB304693 from IFM54648 (ID: EPSB307R01R) were used as query sequences to identify distant trees.
Nucleotide-nucleotide BLAST searching was also performed to determine the phylogenetic diversity of FKS and CHS2 . The sequences AB304670 (ID: EPU8PPTB01R) for FKS and AB304565 PbUreR: 5´-GAC ACC CTG AAC GAA TCT GGC TTC -3T
he primer designs for glyoxalase were based on the sequence AY252117. The forward primer corresponded to the 1st to 24th bases, and the reverse primer was a complementary sequence corresponding to the 613th to 636th bases. The primer set for HSP70 was based on the sequence AF386787. The forward primer corresponded to the 984th to 1004th bases and the reverse primer was a complementary sequence corresponding to the 1609 th to 1634th bases. The primers for detecting Urease were designed on the basis of sequences from Coccidioides spp. were included even though the method was originally described for use with AMPH-B, 5-FC and ITZ alone. Testing was performed in 96-well round-bottom plastic plates with 100 ml RPMI 1640 medium with fungal cells and antifungal substances (Dry plate, Koubo Yo, Eiken Co. Ltd., Tokyo, Japan).
Results
The mycelia and yeast morphology of IFM54648 was typical of P. brasiliensis and it displayed temperature-dependent dimorphism. Colonies grown on SDA and PDA at ambient temperature were white, with fi ssures at the centre and formed aleurioconidia and chlamydospores. After incubation at 35°C on BHIA slants, the isolate converted to cerebriform colonies consisting (ID: EPYMK5FP016) for CHS2 from isolate IFM54648 were used as query sequences. of multiple-budding yeast cells ( Fig. 2 a-f) . The maximum temperature for growth was 38°C. The yeast-form colonies survived on BHIA slants at 35°C with weekly subculture.
Susceptibility to antifungal drugs
The nucleotide sequences were deposited in the DNA Data Bank of Japan (DDBJ) under the accession numbers AB047690-AB04770 and AB304676-AB304698 ( gp43 ); AB304414-AB304448 ( ITS through D1/D2 ); AB304641-AB304675 ( FKS ); AB304536-AB304 570 ( CHS2 ); AB304606-AB304640 ( glyoxalase ); AB 304571-AB304605 ( HSP70 ), and AB070575 and AB304699-AB304732 ( ureas e). Table 3 shows a comparison of the gene sequences of IFM54648 and isolates Pb01, Pb03 and Pb18. The largest degree of diversity was in the sequence of gp43 . For this gene, IFM54648 showed more than 98.9% identity to Pb01, 90.2% to Pb03 and 89.0% to Pb18.
A representative gp43 phylogenetic tree was constructed using IFM54648, 34 reference isolates ( Table 2 ; 26 isolates of S1, 5 of PS2, and 3 of unidentifi ed sequences located between S1 and PS2 based on gp43 sequence) and isolate Pb01 (BROAD Institute Pb01 supercontig 15 from 823856-824439). In this tree, IFM54648 and Pb01 were located together at an extremely distant branch from the rest of reference isolates ( Fig. 3 ) .
A distance tree of gp43 diversity was created based on nucleotide-nucleotide BLAST searching with accession number AB47690 from isolate IFM 41620 as a query (ID:E7GFFX01016, http://www.ncbi.nlm.nih.gov/blast/ treeview/blast_tree_view.cgi?request=page&rid=E7GFFX 01016&queryID=dbj ⎥ AB047690 &distmode=on&screen Width=1024 ). This tree indicated that isolate IFM54648 is an outgroup.
A distance tree of gp43 diversity was also created based on nucleotide-nucleotide BLAST searching with through the use of immunological tests and molecular techniques that employ gp43 sequences, a gene which codes for a major glycoprotein antigen of P. brasiliensis . This was shown by repeated negative results in immunodiffusion tests in our patient and in a species-specifi c PCR using primers F3 5´-TCA CGT CGC ATC TCA CAT TG-3´encoding from 391st to 410th and B3 5´-AAG CGC CTT GTC CAA ATA GTC GA -3´ designed from the complementary sequence from 718th to 740th correspondent to gp43 sequence at GenBank data base, as well as an atypical band pattern in LAMP for detection of gp43 [ 13 ] .
IFM54648 was susceptible to AMPH-B, 5-FC, FLCZ, ITZ and MCZ at 0.25, 0.125, 0.5, 0.05, and 0.06 μg/ml, respectively, while resistant to MCFG having an MIC of greater than 16 μg/ml.
Discussion
Isolate IFM54648 was defi nitively identifi ed as P. brasiliensis based on mycological studies. However, its molecular characteristics were quite distinct from other previously identifi ed P. brasiliensis isolates.
The present study demonstrates the unreliability of identifi cations of atypical Paracoccidioides isolates 
